Abstract: Inquiry into Occurrence of Byssinosis in Jute Mill Workers: B.P. CHATTOPADHYAY, et al. Regional Occupational Health Center E-An epidemiological study was carried out on 196 jute mill workers to inquire into the occurrence of byssinosis and to study the pattern of pre-shift and post-shift changes in ventilatory functions during the working week. The respiratory symptoms were recorded in a questionnaire based on the definition of byssinosis. The pulmonary function tests (PFT) were done by means of a dry wedge bellows spirometer, Vitalograph. On each day, the PFT of the workers were done twice, i.e., half an hour before the beginning of work (pre-shift record), and after five hours of work (post-shift record) on six consecutive working days. In the present communication mainly the PFT results for the first working day are reported. The acute and chronic changes in ventilatory function were defined as recommended by the World Health Organization. Typical symptoms of byssinosis such as chest tightness and difficulty in breathing on the first day of the week (Monday) after a weekend rest were found in 18 (9.18%) workers. Another group of 28 (14.28%) workers complained of chest tightness and breathlessness after work on days other than Monday. This group of workers was referred to as having "atypical byssinosis". A significant fall (post shift fall in FEV 1 , 5% and more than the pre shift FEV 1.0 value) was observed in 70 (35.71%) workers and chronic changes in FEV 1.0 in 62 (31.63%) workers, respectively. It is concluded that the jute mill workers suffer from a specific respiratory morbidity which resemble the byssinosis observed in cotton, flax and hemp workers. (J Occup Health 1999; 41: 225-231) 
Byssinosis is an occupational disease characterized by chest tightness and breathlessness at work after the weekend break or other absences. The diagnosis of byssinosis is made on the characteristic symptoms of chest tightness which in early stages of the disease is always at the beginning of the week. These symptoms are usually associated with a marked fall in ventilatory capacity during the work shift.
Occurrence of byssinosis in cotton 1) , flax 2) , hemp 3) and sisal 4) workers is a recognized entity, but there are conflicting reports as to its occurrence in jute workers. No evidence of byssinosis in jute textile workers has already been reported (Siddhu et al. 5) , Mckerrow et al. 6) and Gilson et al. 7) ). But Maie et al. 8) found that two subjects had a history of a cough which was worse on Monday but failed to demonstrate any decrease in their expiratory flow rate. Gandevia and Milne 9) in a study of 46 workers exposed to jute dust found a significant decrease in forced expiratory volume in one second (FEV 1.0 ) on the first day of the week. Ghawabi 10) in a study of 311 workers exposed simultaneously to jute and hemp dust, found that 21 workers (7%) complained of chest tightness on the first day of the week. There was a significant reduction in FEV 1.0 at the end of the work shift. He also reported a higher prevalence of chronic bronchitis and other respiratory symptoms in exposed workers as compared to the controls. Valic and Zuskin 11) compared the effects of cotton and jute dust on respiratory symptoms and respiratory functions in 60 cotton and 91 nonsmoking female jute workers of similar age and similar length of dust exposure. They showed that cotton workers had a significantly higher prevalence of byssinosis and of dyspnoea than jute workers. Both cotton and jute dust caused a significant reduction in ventilatory capacity on the first day of the week after rest, but cotton dust had a significantly greater effect. They concluded that jute dust probably does lead to a shift decrease in FEV 1.0 but its effect was much less than that of cotton and flax. Popa et al. 12) made an investigation of allergy in byssinosis sensitization to cotton, hemp, flax and jute antigen. They found that byssinosis was acquired not only in cotton but also in flax, hemp and jute factories. The present study was undertaken to inquire into the occurrence of byssinosis and to study the pattern of pre-shift and post-shift changes in ventilatory functions during the working week.
Subjects and Methods
The study was carried out in a jute mill manufacturing jute cloth, jute bags etc. employing about 1500 workers. The workers work in three shifts as follows: Shift A -6 A.M. to 11 A.M. and 2 P.M. to 5 P.M.
(Recess between 11 A.M. and 2 P.M.) Shift B -11 A.M. to 2 P.M. and 5 P.M. to 10 P.M.
(Recess between 2 P.M. and 5 P.M.) Shift C -10 P.M. to 6 A.M.
The workers on shift A only were included in the study mainly due to convenience. The pulmonary function tests were carried out before the shift at 5-30 A.M. and then during the recess just after 11-00 A.M. The time of conducting the study was also more suitable for the investigating team than the other shifts and the continuous exposure of the workers to the jute mill environment is of longer duration in this first phase of the shift A.
The main concern was to study whether the dust diseases exist or not in the jute mill workers. One hundred and ninety six randomly selected workers in the said jute mill participated in the study. After collecting the master list from the jute mill authority, we make a list of workers who have worked there for at least 7 years, then divide them into the high dust exposure group (selection, softening, carding and preparing) and low dust exposure group (spinning, winding and beaming, weaving and finishing). From the list of the high dust exposure group (n=447) and that of the low dust exposure group (n=645), we randomly select every 5th worker. In the selection of subjects the smoking habit was not considered because a number of studies have established that there is no association of the smoking habit with the prevalence of byssinosis 13, 14) . Most of the workers had been working in different sections for over 20 yr and there was a small group of younger workers. They were interviewed by means of a standard questionnaire on details of their occupational and medical history. The emphasis was on inquiry regarding the occurrence of chest tightness, cough, sputum and breathlessness, other types of occurrence, the day of occurrence, duration and relationship with work. The questionnaire was based mainly on the inquiry on byssinosis by Schilling 1) . It has to be noted that no threshold limit value (TLV) has been suggested for jute dust. The TLV for nuisance dust is 5 mg/m 3 . In an earlier study 15) carried out by our centre in the same jute mill the dust levels of different work processes were measured and divided into two group, the "high dust zone" with a mean dust level of above 5 mg/m 3 and a "low dust zone" with a mean dust level below 5 mg/m 3 . In the selection, softening, carding and preparing processes, broadly known as batching, there are dust concentrations of 7.99 ± 2.09, 13.99 ± 3.92, 6.65 ± 1.06 and 5.21 ± 4.56 mg/m 3 , respectively, and the mean dust concentration was found to be higher than 5 mg/m 3 , so it was classified as a 'high dust zone' and in spinning, winding and beaming, weaving and finishing there are dust concentrations of 1.65 ± 0.42, 1.78 ± 0.32, 1.37 ± 0.30 and 0.77 ± 0.47 mg/ m 3 with a mean dust concentration of less than 2 mg/m 3 , classified as a low dust zone 16) . The workers are also classified into non-smokers and smokers according to their smoking habit.
Ventilatory function tests consisted mainly of recording the vital capacity (VC) and forced vital capacity (FVC) with a Vitalograph-S-Model Spirometer (Vitalograph Ltd., Buckingham, UK). Each individual performed the tests three times during pre-shift and post-shift examinations. The best of the three performances was taken into account. From the FVC curve, the forced expiratory volume in one second (FEV 1.0 ) was measured. The standardization of equipment was carried out every day and the instrument calibrated at regular intervals during the investigation. To evaluate the chronic effect on ventilatory functions, the predicted equation for FEV 1.0 of Chatterjee et al. 17) , -(FEV 1.0 = 0.028 age + 0.047 height 3.737. SEE=0.38 R=0.78. R 2 =0.61) was used. The statistical analysis of the data (t-test and Chi-square test) was done for total workers, smokers and nonsmokers in the high dust exposure and low dust exposure groups and also the nonsmokers and smokers in the same exposure group. The level of significance was shown in the footnote to each table only in those comparisons which were statistically significant. We consider p<0.05 to be a significant level.
The definitions of acute and chronic changes in lung function (FEV 1 Besides these the endotoxin content of the jute mill dust was analyzed by the following procedure. Total dust was collected on pyrogen free glass fibre filter papers and extracted in 5 ml pyrogen free water. Endotoxin was estimated in the water extract by following the Standard Lymulus Amebocyte Lysate (LAL) "Gel Clot" technique as per US pharmacopoeia guidelines 19) . Airborne endotoxin level ranges in the jute mill high dust zone (batching) varied from 0.221 µg/m 3 to 4.418 µg/m 3 and in the low dust zone (spinning, weaving etc., etc.) the ranges were from 0.44 to 1.473 µg/m 3 and 0.0071 to 0.074 µg/m 3 , respectively 20) .
Results Table 1 shows the distribution of jute mill workers according to age group and degree of dust exposure. More than 85% of the workers in the high dust exposure group and over 94% of workers in the low dust exposure group were above the age of 40 yr. The mean ages of the workers in the high dust zone and low dust zone are 49.78 ± 0.85 and 50.83 ± 0.60, respectively. The age structures in the low and high dust groups were comparable. The percentages of smokers in the high and low dust exposure groups were 42.9% and 56.3%, respectively. The mean duration of smoking of the smokers was 24.04 ± 7.39 yr. Table 2 shows the prevalence of byssinosis symptoms in jute mill workers. Eighteen (9.2%) workers had such respiratory symptoms as chest tightness, cough, breathlessness and difficulty in breathing after the weekend break on Monday. In another 23 (11.7%) workers the work related symptoms were present on any day of the working week and did not necessarily occur after the week-end break. This symptom complex, though closely resembling byssinosis, was not a typical byssinosis type in which the symptoms start on the first working day of the week. This group has been referred to as atypical byssinosis although there is no variation in the dust concentration in the working place throughout the week. The mean duration exposure of the byssinotic subjects and atypical byssinotic subjects are 25.22 ± 1.47 and 26.04 ± 1.11 yr, respectively. The prevalence of symptoms of byssinosis and atypical byssinosis was significantly higher (p<0.01) in the high dust exposure group as than in the low dust exposure group. Table 3 shows changes in FEV 1.0 in the subjects showing symptoms of byssinosis. The proportion of subjects with a decrease in FEV 1.0 was slightly higher in the subjects with symptoms of byssinosis. The greater percentage of subjects had a 10-20% and >20% decrease in FEV 1.0 during the shift, but the statistical test (Chi square) showed no significant relation between the subjects with symptoms of byssinosis and the subjects with a decrease in FEV 1.0 . Table 4 shows acute changes in FEV 1.0 in jute mill workers according to duration of work. It is to be noted that only 24 (12.2%) workers had jute exposure for less than 20 yr and the remaining 172 (87.8%) workers had more than 20 yr of exposure. Seventy (35.7%) jute mill workers had a 5% or more decrease in FEV 1.0 during the shift on the first working day of the week i.e. Monday, out of which 34 (17.4%) workers had a 5-10% decrease, 27 (13.8%) workers had a 10-20% decrease and 9 (4.5%) workers had a >20% decrease. The proportion of workers with a decrease on FEV 1.0 was maximum in those who had worked for 20 yr or more. The percentage of workers with an FEV 1.0 decrease was more in the 20-29 yr exposure group than in the 30 and more year group. But the statistical test (Chi square) showed no significant difference between the two groups. Table 5 shows acute changes in FEV 1.0 on Monday according to the degree of dust exposure and smoking habit. The percentage of workers with a decrease in FEV 1.0 was almost the same in the two groups. Table 6 shows chronic changes in FEV 1.0 according to the level of dust exposure and smoking habit. A significantly higher proportion of the high dust exposed group of workers had low FEV 1.0 than those belonging to the low dust exposure group (p<0.05). In both exposure groups, a higher proportion of smokers had low FEV 1.0 values. Similarly smokers had lower FEV 1.0 than non smokers in the same dust exposure category. Table 7 shows the decrease in FEV 1.0 during the shift on the first working day of the week as per the classification of Bouhys et al. 18) A slight to moderate (60-200 ml) decrease in FEV 1 was found in 48 (24.5%) and a definite decrease (>200 ml) was found in 17 (8.7%) subjects. It has been found in the present study that the acute ventilatory changes were little higher with the WHO classification (35.7%) than with the Bouhys et al. 1970 classification (33.1%) but chronic changes were found more with Bouhys classification (31.6%) than with the World Health Organization classification (30.1%). 
Discussion
The results of the study clearly indicate the presence of symptoms of byssinosis in jute mill workers. This is in agreement with our earlier finding of eight cases of byssinosis in jute mill workers 21) and the observation of cases on byssinosis in jute mill workers in Calcutta by Roy 22) . The occurrence of byssinosis in jute workers is not generally accepted, but in a recent study reported from China, Zhou et al. 23) reported a higher prevalence of chest tightness and cough in jute mill workers than in controls. Bacterial endotoxins which are thought to be associated with byssinosis in cotton workers 24, 25) may play a similar role in jute workers. Retting of jute is a process by which the embedded fibre is separated from the stem through partial rotting by immersion in water. Heavy bacterial contamination during retting may lead to high levels of bacterial endotoxins. Besides this one step in jute processing may cause microorganism contamination in jute fiber. In the softening process oil and water is added to the jute fiber which is then kept in a warm house (25°C) for 48 h. Bacteria and endotoxins may be produced in jute fiber during this time (Schilling 1) ). The hot and humid Indian climate is quite favorable for bacterial growth. In our study we have found levels of bacterial endotoxins in the airborne dust in jute mills comparable to those reported in the card room and blow room of cotton textile mills 26) . Observations of significantly higher prevalence of byssinotic symptoms in high dust exposed workers with a high endotoxin level supports the assumption of the relationship between dust exposure and the occurrence of byssinosis in jute mill workers.
The decrease in FEV 1.0 during the shift on Monday was found in 70 (35.7%) jute mill workers. This decrease in FEV 1.0 was observed among the jute mill workers with or without symptoms of byssinosis. These findings are in agreement with those of Gandevia and Milne 9) in jute mill workers in Sydney and are also in accordance with our earlier report 27) . The temporary decrease in FEV 1.0 in non byssinotic workers indicates the effect of jute dust on the smooth muscles of the airways resulting in their constriction 16) . The finding of chronic effects in jute mill workers confirms findings in other workers seen by Zhou et al. 23) who reported low FEV 1.0 in jute workers, which they attributed to exposure to jute dust. Zenlin and Zhou 28) also reported a decrease in FVC and FEV 1.0 in a logitudinal study of jute mill workers. The study results also show that the chronic effect of jute dust was observed more in smokers than in nonsmokers with a similar type of dust exposure. Nevertheless, the observation of a higher prevalence of ventilatory function abnormalities in nonsmoking jute mill workers exposed to high concentrations of dust than in smokers exposed to low dust concentrations indicates the greater effect of jute dust on nonsmokers in a high-dust zone. It is therefore concluded on the basis of this study that byssinosis does exist in jute mill workers particularly those who are exposed to high concentrations of dust for a long time.
